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Introduction 

The current direction of forestry lacks rigorous standards for soil management in forest operations. The role of 

fungi in forest processes and management activities has been especially neglected. To guarantee ecosystem 

integrity and sustained forest use, land managers must understand that the role of fungi is essential for the 

perpetuation of many ecosystem processes, and that forest managers can greatly influence fungal dynamics and 

potential benefits. 

 

Although often overlooked in forest management plans, the importance of soil organic matter cannot be 

overstated (Okinarian, 1996; Jurgensen et al. 1997). This organic component contains a large reserve of 

nutrients and carbon, and is dynamically alive with microbial activity.  The character of forest soil organic 

matter influences many critical ecosystem processes such as the formation of soil structure, which in turn 

influences soil water infiltration rates, and soil water holding capacity.  Soil organic matter is also the primary 

location of nutrient recycling and humus formation, which enhance soil cation exchange capacity and over-all 

fertility.   

 

These soil processes have direct and tremendous effect on site productivity and sustainability.  Fortunately, 

organic matter is the one component of the soil resource that, if managed correctly, human activity can actually 

improve.  Manipulation of the organic constituents of the soil may be the only practical tool available for 

mitigating effects of harvesting systems that remove most standing trees and dead and down trees or cause 

extensive soil disturbance. Of the many organic materials incorporated in a forest soil, the woody component is 

in many ways the most important.  Protecting the sustainable productivity of the forest soil requires a continuous 

supply of organic materials, particularly in harsh environments (Harvey et al. 1987).  A clear understanding of 

fungal processes and the creation of soil organic matter are essential for competent forest management and 

forest soil restoration. 

 

In this paper I discuss the instrumental role that wood decay fungi play in the development and maintenance of 

forest soil organic matter in light of forest management activities and sustained soil productivity. 

 

The Role of Fungi in the Coniferous Forest Ecosystem 

Fungi in the forest environment can be classified into three categories according to the source from which they 

obtain carbon and nutrients: 1) wood decomposers, 2) litter decomposers, or 3) mycorhizal symbionts.  

Interactions between these classes of fungi exist, but are weak (Tanesaka et al. 1993).   For example, wood 

decomposers degrade litter poorly, and litter decomposers decay wood poorly.  Mycorhizal symbionts do not 

decay wood or litter.  

 

This paper is limited to a discussion of those fungi that decay wood.  Wood, a  lignocellulose matrix , is the 

most abundant organic compound in the terrestrial environment and most organisms, with the exception of a 

small number of  Basidiommycota and Ascomycota, decompose it with difficulty. 

Decay fungi have three major roles in the forest soil development process:  

1) breaking down plant residues and recycle carbon to the soil or the atmosphere;  
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2) releasing mineral nutrients from plant residues and make the nutrients available to living organisms; 

and 

3) producing the physical character of the soil organic matrix (Harvey et al., 1987).   

 

The Wood Decomposition Process 

Decomposition occurs whenever wood is exposed to environmental conditions that favor microbial growth.  

Although biodeterioration is essential for a healthy functioning ecosystem, when living trees are attacked by 

heart rot or root rot, or when wood products display signs of rot, the human component of the ecosystem 

becomes quite excited, and will aggressively fight the decay process with every known weapon in the chemical 

technology and forest management arsenal.  Sadly, most of the research concerning wood-rotting fungi is 

directed towards the control of fungal decay.   

 

Moisture and temperature are the most critical environmental factors that facilitate fungal decomposition of 

wood.  In general, wood-rotting fungi can metabolize wood only if its moisture content is above approximately 

25%.  At 25 % water content and above, free water is available on the surface of the wood cell wall where it acts 

as a medium for two diffusion processes: that of fungal enzymes to wood polymers, and the products of 

enzymatic degradation back to the fungal hyphae (Gilbertson, 1980).  The optimal temperature for wood 

decomposing fungal activity is approximately 28 degrees C.   However, some species have temperature 

optimums as low as 20 degrees C and as high as 35 degrees C. (Gilbertson, 1980). 

 

The rate of wood decomposition depends on a variety of factors including microclimate, size, biochemistry of 

the wood, and fungi involved in the decay (Boddy and Watkinson, 1994) 

 

Fungi, being heterotrophs, need a carbon source for energy and essential nutrients for growth and metabolism.  

Wood is high in carbon and generally nutrient deficient; wood rarely contains more than .3% nitrogen by 

weight.  Tsudeda and Thorn (1995) advocate three possible mechanisms by which wood decay fungi manage to 

decompose a nitrogen deficient substrate:  

 

1) Preferential allocation of nitrogen to metabolically active substances and pathways highly efficient in 

the use of wood constituents;   

2) utilization of their own old mycelium as the sources of nitrogen through a continuos process of 

autolysis and reuse; and  

3) utilization of nitrogen sources outside the wood itself  

 

The lignocellulose complex in wood is a heterogeneous matrix of varying concentrations of lignin, cellulose, 

and hemicellulose.  Chemical and morphological differences can vary considerably in woods from different 

trees or different tissues within a tree.  When fungi attack wood, an array of extracellular degradative substances 

are produced, both enzymatic and nonenzymatic.  

 

Chemically and morphologically distinct types of wood decay can be classified into three broad categories: 1. 

brown rot,  2. white rot, and  3. soft rot.  Several categories of bacterial degradation have also been recognized 

according to morphological aspects of the attack.  These include decay by erosion, tunneling, and cavity-

forming bacteria (Blanchette, 1995 and Worrall et al. 1997).   Bacterial degradation of wood is a relatively 

minor component of the decay process, and will not be discussed further except to state that the relationship 

between fungi and bacteria can be described as antagonistic (Moller et al. 1999).  A considerable body of 

evidence indicates that many fungi once considered to be primary invaders and decayers of wood are actually 

unable to utilize wood until it has been altered by other organisms including hyphomycetes, bacteria, and yeasts.  

Most brown, white, and soft rot fungi should be considered secondary invaders  (Gilbertson, 1980).  
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The three categories of wood rot are described as follows: 

 

Brown Rot 

The brown-rotters belong to the Basidiomycota.  Their most interesting and telltale characteristic is their ability 

to utilize only cellulose, and their inability to degrade lignin.  However, the complete lignocellulose matrix 

appears necessary for brown-rot degradation systems to be induced and functional (Blanchette, 1995).  

 

The total number of brown-rot species is relatively few; most are polypores.  They are generally associated with 

conifers, and possess mostly heterothallic and bipolar mating systems (Gilbertson, 1980) 

 

Brown-rot causes a loss of wood strength in the very early stages of decay, as opposed to white -rot, which in 

the incipient phase does not negatively influence the integrity of wood strength.  Residue left after advanced 

brown-rot decay is a brown, crumbly mass composed largely of lignin. Brown-rot fungi are known to prefer 

middle stages of wood decomposition (Sippola and Renvall, 1999) 

 

In forest ecosystems, especially coniferous forests, the upper-most soil horizon contains a significant portion of 

brown-rotted wood residues.  The sponge-like properties of advanced brown-rotted wood act as a moisture and 

nutrient sink.  Because of the high lignin concentrations, and little carbohydrate, it persists in the forest for a 

long time (Blanchette, 1995). 

 

White Rot  

White-rotters also belong to the Basidiomycota, and have the ability to degrade both lignin and cellulose.  There 

are two types of white-rot:  

 

1) simultaneous rot degrades lignin and cellulose at the same time; and  

2) delignification rot decays lignin first, and then switches to cellulose. 

 

Some white-rots are a combination, and react differently in various substrates available in the same log (Otjen 

and Blanchette, 1986).   White rots colonize cell lumina and cause cell wall erosion wherever hyphae are 

present. Eroded zones in cell walls coalesce as decay progresses, forming larger voids that often become filled 

with mycelia (white pocket rot). 

 

Incipient white-rot (specifically Phellinus pini ), known as red-rot, does not detract from the strength of the  

infected wood.  Red-rot is very common is standing live trees in the Rocky Mountains, especially prevalent in 

lodgepole pine.   Most lumber mills will not accept any logs tainted with red-rot for fear of white-rot.  However, 

red-rot will not progress into white-rot once the tree has been cut and processed into lumber (personal 

experience).  Unfortunately, a tremendous number of perfectly good logs are scrapped into slash piles and 

burned because of ignorance. 

 

Some other aspects of white rot include: 

1) White-rots are the most frequent pioneer fungi, and quickly invade fresh logging slash (Sippola and 

Renvall, 1999). 

2) White-rot fungi in highly aerobic environments causes the most rapid and extensive degradation 

described to date.  (Kirk and Farrell, 1987). 

3) Since wood is 20-30% lignin, mostly in the cell wall, the white-rots are responsible for a significant 

portion of the carbon cycling on the planet. 
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Interestingly, the first lignin-degrading enzyme was discovered recently, 1982.  The biochemical structural 

features of lignin dictate unusual restraints on the biodegradative processes responsible for initial attack. They 

must be: 1) extracellular, 2) nonspecific, and 3) nonhydrolytic (Kirk and Farrell, 1987)   

 

Soft Rot  

Soft-rots generally belong to the Ascomycota, and appear to predominate in environments too severe for white- 

and brown-rot fungi.  For example, a soft rot occurs in wood that is too wet or too dry, or substrates resistant to 

other fungi such as chemically treated or naturally rot-resistant wood such as western red cedar. 

(Blanchette,1995).   Soft-rots are generally restricted to the wood surface, and most prolific under very wet 

conditions. However they can grow just fine in conditions conducive to basidiomycetes , but may be excluded 

due to competition (Worrall et al. 1991A).  Soft-rots decompose simple carbon compounds with a preference 

towards carbohydrates (Worrall et al. 1997).  Soft-rots have the ability to decay all cell wall components, 

including lignin, but little is known about this topic (Kirk and Farrell, 1987). 

 

Unlike the case with white and brown rots, high nutrient levels are required for the development of soft-rot 

(Worrall et al. 1991B).  In addition, soft-rot is less well adapted than white or brown rot for rapid wood decay, 

and decompose wood relatively slowly (Worrall et al. 1997). 

 

Nutrient cycling and nutrient availability 

Wood decomposers make nutrients available to plants and other microbes and retain nutrients that might 

otherwise be leached from the root zone (Harvey et al., 1987). Swift et al. (1979) believed that nutrients were 

released to the ecosystem when the carbon/nutrient ratio of the wood was the same as that of the mycelium.  

Boddy & Watkinson  (1994) disagree and have demonstrated that wood decay fungi are inherently greedy and 

highly conservative of nutrients. As wood decomposes, the ratio of carbon to nutrients decreases as carbon is 

released to the atmosphere through respiration.  The total amount of mineral nutrients doesn’t change much, just 

the ratio of carbon to nutrients, as mycelium sequesters any nutrients released from the wood (Boddy and 

Watkinson, 1994 and Ostrofsky et al. 1997) 

 

Nutrients are not released indiscriminately to other organisms but remain within the mycelium, often growing 

out of the wood, using the energy in a search of more food.  In this way, nutrients are often transported spatially, 

imported from one resource to another.  This is of practical significance to wood decay fungi because of the 

spatial and temporal discontinuity of nutrient and carbon sources (dead & down woody debris).  Body and 

Watkinson found that nonunit-restricted fungi are able to grow out of woody resources, either as diffuse 

mycelium or in the form of linear aggregations (cords, strands, or rhizomorphs) through or over nutritionally 

inert or nutrient poor substrata in search of fresh resources.  They exhibit remarkable foraging patterns!  

Nutrient relocation may have wider ranging influences, probably affecting ecosystem functions on some level. 

 

Additional evidence suggests that efficient utilization of mineral nutrients, especially nitrogen by conservation 

and recycling, is a specialized adaptation of many fungus and that decay by such fungi was usually inhibited by 

supplementary nutrients (Worrall et al. 1997).  Similarly, Prescott et al. (1999) found that fertilizer does little to 

increase litter decomposition. 

 

Boddy and Watkinson explained that nutrients are probably largely released to the ecosystem when mycelia are 

grazed by invertebrates (especially Isoptera and Coleoptera spps.), are biotically damaged, interact with other 

fungi and bacteria, or die.  Another way fungus imparts nutrients to the ecosystem at large is through spore 

dispersal.  At some stage within the life of fungi, nutrients are partitioned between exploitative mycelium and 

fruit bodies.  Fruiting can represent a considerable drain on the nutrients within a resource.  For example, it has 

been estimated that the nitrogen from 40.3 kg of birch wood would be needed to supply the 1.1g of spores 
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produced by a single fruit body of a decay fungus in 20 days.  Fruiting represents a large release of nutrients 

from wood by fungi. 

 

Since wood decomposition is relatively slow, it forms a large reservoir of nutrients. In a natural system, the 

input of dead wood depends on net primary production of the ecosystem and hence input to the decomposers 

system.  In a balanced system, input of dead wood material and decomposition proceed at the same rate, 

nutrients are released, and primary production can be maintained (Boddy and Watkinson, 1994). 

 

Decomposing logs are the site of free-living nitrogen-fixing bacteria.  Their contribution is relatively small “we 

think”.  Nitrogen fixation was strongly correlated with wood moisture, which in decomposing wood is rather 

stable.   So rotting logs and soil wood provide a moist microsite and proper habitat for free-living nitrogen 

fixing bacteria (Jurgensen et al. 1984).  In addition, the carbon compounds produced but not gathered by fungi 

are metabolized by various groups of soil microorganisms including nonsymbiotic nitrogen-fixing bacteria 

(Harvey et al., 1987).  Replacement of the woody soil components from a site which as lost such may take from 

100 to 300 years (Harvey et al., 1981). 

 

The estimated rate of nitrogen -fixation in a brown-rotted soil wood medium is 273g N/Ha/yr, the importance of 

which is similar to that of humus (Larsen et al. 1982).  As mentioned, the moisture regime is key, and because 

brown rots leave a large quantity of stable lignin within the soil, it is a much more important resource within the 

forest soil than the residues of white-rot. (Larsen et al. 1978).  Many mycorhizae symbionts are also associated 

with the residue of brown-rot fungus (Kropp, 1982). These wood inhabiting (not wood decomposing) fungi rely 

on the high water holding capacity and associated moist environment of rotten wood (Larsen et al. 1982).  

 

The Influence of Fungi on a Watershed Scale 

Where fire does not play a major role in forest structure, fungi is a major influence on forest species 

composition and size class structure.   Fungi that attack living trees are responsible for disturbance such as gap-

formation dynamics and facilitators of uneven -aged management. (Lewis and Lindgren, 1999).  On a forest or 

ecosystem level, Phellinus pini  has a cyclic infection cycle  which  is responsible for the decline  of the 

Douglas-fir stage of plant succession in the cedar-hemlock forest type in Oregon (Gilbertson, 1980).  This is 

amazing!   In this forest, fungus is responsible for the direction of succession.  This deserves a much closer look 

in different forest types. 

 

Perhaps the most significant problem in terms of watershed integrity in Rocky Mountain forest lands is a 

decrease in the soil’s water infiltration capacity and associated increase in surface runoff.   This problem is 

directly related to soil organic matter, which is firmly linked to the role of fungus in the ecosystem.  

Specifically, three soil components that influence water infiltration and holding capacity and are associated with 

fungal processes are:  

1) the formation and maintenance of water stable aggregates; 

2) the production of long-term soil wood; and 

3) the degradation of wood into soil organic matter, especially humus.  

 

Understanding the role of fungal decomposition is essential to understanding watershed biotic and abiotic 

processes. 

 

Forest Management Activities and their Influence upon the Life and Function of Fungus 

Forest management activities can have a significant influence upon soil physical and biological characteristics, 

as well as on above ground microclimate and hydrological conditions..  These impacts can include the 

interruption of  processes and benefits linked to the role of fungus and organic matter in the forest environment. 
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This section reviews how forest management activities might influence fungal processes, and how these 

influences might be mitigated through proper stewardship of the fungal resource.  

 

Three stages of forest management activities influence fungal dynamics and associated soil organic matter:  

1) silvicultural strategies,  2) harvest methods, and 3) post harvest slash management. 

 

Silvicultural strategies 

Silvicultural strategies influence the horizontal and vertical structure of the forest after the harvest, which in turn 

influence environmental factors such as solar radiation, soil temperatures, relative humidity, and future soil 

organic matter contributions from trees left standing. For example, a silvicultural prescription that called for 

leaving a significant portion of the forest standing would also promote the conservation of shade, annual litter 

contributions and associated nutrient recycling, as well as cool and moist microclimatic conditions.  Most 

importantly, a silvicultural plan could be designed to leave trees that ensure continual contributions of large 

woody debris to the forest floor.  

 

With fungal diversity in mind, it should be our goal to design and implement  silvicultural strategies that 

conserve fungal species diversity.  In Sweden, foresters have found that species richness of principle 

decomposers - mostly species of Polyporaceae, a Bacidiomycota - are much less numerous in forests disturbed 

by timber harvests and that species and population numbers are negatively correlated with the degree of cutting. 

They also found that populations of decomposing fungi show a clear and positive correlation with log 

abundance, log size, and stage of decay (Bader, 1994). It may be that by quantifying species richness of 

principle decomposers we may be able to create an index for soil and forest biological integrity.  

 

Harvest methods 

The Soil Conservation Guidebook of the British Columbia Ministry of Forests has identified two timber harvest 

related types of disturbance  that pose large threats to sustained forest productivity - compaction and organic 

matter removal (Kranabetter and Chapman, 1999).  Compaction reduces the soil water infiltration capacity of 

the soil, resulting in dryer soils and increased surface runoff and associated increased soil loss through erosion.  

Dick et al. (1988) found that on compacted skid roads microbial biomass is significantly less than surrounding 

terrain. Also, enzymatic activities, biomass carbon, organic carbon, and total N were all depleted on compacted 

skid roads,  probably due to changes in gas and water infiltration . 

 

Soil mixing (track and tire churning), in conjunction with an increase in soil temperatures due to over-story 

removal, promotes organic matter loss through increased litter and woody debris decomposition rates (Vander 

Meer, work in progress).  An increase in decomposition rates typically results in a slug of plant and fungus 

available nutrients for the first several years after a cut, followed by a time of nutrient and carbon deficiency due 

to a lack of decomposable substrate. 

 

With these arguments in mind, it is clear that harvest methods that physically impair the function of the soil and 

associated soil microorganisms should be avoided.   Examples include methods such as janner logging on steep 

slopes or rubber-tire or track skidders on moist ground. 

 

Slash management  

Slash management activities such as pile and burn, lop and scatter or broadcast burning can significantly 

influence the quantity and quality of woody debris left  on site.  Pile and burn techniques typically result in the 

loss of organic matter from the forest, as carbon and nutrients are volatilized through extremely high 

temperature.   Lop & scatter techniques typically add organic matter if site  environmental factors promote 

decomposition.  Broadcast burning removes organic matter that may have been decomposed and added to the 

soil organic matter.  Broadcast burning typically results in less nutrient loss through volatilization due to lower 
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combustion temperatures.  Soil pH tends to shift towards neutral with the addition  of ash residues containing 

base cations. 

 

Sillola and Renvall (1999) found that white rot fungi predominate on recent logging sites.  They also found that 

species diversity of lignicolous fungi after logging depends on the availability and diversity of decaying wood 

created before the management.  This was attributed to the large size of naturally occurring woody debris. This 

disheartening information challenges foresters to create slash management techniques that conserve species 

diversity, especially the promotion of brown-rot fungi.  New techniques might include a shift away from pile 

and burn techniques towards lop & scatter, with an emphasis on leaving large diameter logs to rot.  Placing slash 

in close contact with the forest floor is also key to promoting wood and soil moisture conservation and 

associated decomposition. 

 

Conclusion 

In order to ensure sustained forest use and protect ecosystem integrity, it is imperative that land managers 

understand two concepts in regards to the fungal resource.  First, the role of fungi is essential for the 

continuance of many ecosystem processes.  Second, with proper awareness and skill, forest managers can 

greatly influence fungal processes and potential benefits. 

 

Wood decay fungi in the coniferous forest ecosystem have three major roles: 

1) breaking down plant residues and recycling carbon to the soil or the atmosphere;  

2) releasing mineral nutrients from plant residues and making the nutrients available to living 

organisms; and 

3) producing the physical character of the soil organic matrix. 

 

The outcomes of these processes promote soil water infiltration rates, soil water-holding capacity, cation 

exchange capacity, nutrient availability, nitrogen fixing activity, and habitat for mycorrhizae associations, to 

name a few. 

 

Managers can influence fungal processes by considering the effects of silvicultural, harvesting, and slash 

disposal activities.  Silvicultural plans that promote fungal processes will prescribe harvests that preserve a cool, 

moist microclimate and provide for a continuous source of large woody debris for use by fungi.  Harvest 

techniques should be light-on-the-land, disturbing as little soil as possible.  Slash management techniques 

should emphasize leaving all debris on site, such as the lop & scatter method. 
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